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Abstract 
This paper, taking the crystalline silicon PV power generation system for example, discussed environmental impact 
assessments of 3 main stages in PV system lifecycle including "manufacture", "use" and "disposal". "Manufacture" 
stage focused on pollutant generation and discharge coefficient measurement of 4 productive processes in the 
crystalline Si cell industry chain; In "use" stage, the climate and environment impact assessment of large-scale PV 
plant was discussed. In addition, "Disposal" stage introduced the technology development and environment 
evaluation of PV system recycling and safety disposal. 
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1. Foreword 
At present, China mainly relies on fossil fuel energy supply. But the limited fossil energy source 
severely restricts economic and social sustainable development of China. Therefore, the rational 
development of safe and efficient renewable energy sources is a key point to realize the harmony between 
man and nature, and the coordinated growth between energy source and environment. Compared to other 
renewable energy sources, solar energy has the most abundant resources and will become the focus of 
China's energy development strategy in the next period of time. Solar PV, one of the most important ways 
for solar energy use, develops rapidly in China now and will have a good prospect in future. However, 
there are a degree of environmental issues in the whole lifecycle of the PV power generation system-- 
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from production to the end of life. How to assess and address these environmental issues needs our 
concern and discussion. 
Crystalline Si PV power generation system with the largest market share and relatively mature 
technology currently is the mainstream of PV system. So this paper took crystalline Si PV system as an 
example and divided its lifecycle into 4 stages (see Figure 1). Environmental impact assessments of 3 
main stages including "manufacture", "use" and "disposal" are discussed as follow. 
2. Environment impact assessments for 3 life cycle stages 
2.1 Manufacture 
In China, polysilicon cell manufacture causes most serious environmental problems in PV industry. 
Polysilicon cell manufacture chain contains “High-purity multi-crystalline Si”, “Si wafer”, “Mono- and 
multi-crystalline Si cell”, “PV modules seal”. In the process of high-purity multi-crystalline Si 
production, metallurgical silicon is transformed into SiHCl3, and then SiHCl3 is deoxidated by hydrogen. 
In the whole process, about 25% of SiHCl3 is turned into polysilicon, and the rest is poured into the 
exhaust gas, generating the by-product- SiCl4. If the recovery process is immature, harmful substances 
such as SiHCl3, SiCl4, hydrogen chloride, and chlorine, etc. may leak out, which is likely to cause big 
safety and pollution problems. SiCl4 is decomposed into silicic acid and toxic hydrogen chloride when 
exposed in the moist air that can strongly irritate human eyes, skin, and respiratory tract, and also can 
explode in fire. In addition, chlorine spill will cause human symptoms like cough, dizziness, and chest 
tightness, etc. as well as lead to crop failure. Meanwhile, key technical processes including silicon 
texturing, acid etching, phosphorus diffusion, corrosion, screen printing, drying of front and back 
electrode, sintering, testing and sorting in the PV cell production process as well as welding, laminating, 
deflashing, and framing up in the PV modules seal process, also can generate some waste gas, solid waste 
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and waste water. The waste may contain fluoride, acid-base, specific organics, suspended solids and so on, 
which will cause adverse environmental impacts if disposed improperly. 
The environmental impact assessment for the production stage should focus on the measure of 
pollutant generation and discharge coefficient in each productive process in the whole solar cell industry 
chain. First, survey different enterprises with typical productive technology in domestic PV industry chain 
to identify the key pollutants in productive process. The survey contains all the materials input, the 
product quantity, productive technology, equipment, scale and efficiency of pollution treatment facilities 
and so on. Second, establish an adaptable measurement method of pollutant generation and discharge 
coefficient for the same product with different productive technologies and the same productive 
technology with different equipments. The roadmap is shown in Figure 2. 
2.2  Use 
The local climate and environment impact from large-scale ecological land occupation of large PV 
power plants is mainly considered in the environmental impact of PV “use” stage. Field observation and 
laboratory analysis & simulation evaluation are combined for this assessment.  
2.2.1 Field observation 
    An environmental monitoring platform for large PV power plant, which can contrastively observe 
environmental factors inside and outside the PV plant is designed and constructed. The observed data is 
used to analyze the local climate and environment effects of large PV plant. The monitoring platform 
Fig.2 Technique route chart for Pollutant Generation and Discharge Coefficients measure
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contains several observation systems, each of which consists of three parts- detection system, data 
collection and processing system and energy supply system.
The observed elements in detection system should include: horizontal wind speed, wind direction, air 
temperature, air humidity, soil moisture (6 layers), soil temperature (6 layers), downward shortwave 
radiation, downward long wave radiation, upward shortwave radiation, upward long wave radiation, 
atmospheric pressure, and the electromagnetic environment (power frequency electric field, power 
frequency magnetic fields, radio interference, and audible noise). Data collection and processing system 
consists of intelligent data acquisition units. Energy supply system consists of solar cells, batteries and 
solar power controller. In addition, water quality monitoring, soil microorganisms monitoring as well as 
vegetation investigation may need based on the actual geographical situation of the PV plant. 
2.2.2 Laboratory analysis & simulation evaluation
The method for analyzing environmental effects of large-scale PV power plant in the laboratory is as 
follow. Take advantage of collected weather data to analyze the characteristics of climate and 
environmental changes in recent decades; Make use of observational data from environmental 
observation systems to analyze the differences of environmental factors between the inside and outside 
plant and find out sensitive environmental factors impacted by PV plant. 
Develop environment impact assessment software for large-scale PV power plant. There are several 
environmental factor modules in the software, including solar radiation, air, soil, electromagnetic 
environment, water environment, and so on. The historical data and observational data can be input into 
the software in real-time transmission. Then the software will analyze and process the environmental data 
to assess and predict the impact of relevant environmental factors. Finally, integrate analysis results from 
each module to comprehensively evaluate the surrounding climate and environment impact of large PV 
power plant. 
Table 1 Some known recycling activities by some international agencies 
Operator Procedure Size/Stage of Development PV Technology 
Deutsche Solar AG Thermal separation, chemical processing Pilot production, 
ecological consideration
Crystalline，thin
film in laboratory 
First Solar (Solar Cells 
Inc.), BNL 
Thermal decomposition inert gas Laboratory Crystalline 
Isofoton Cell recycling, Swelling, Shredding,  
Repairable module 
Laboratory Crystalline 
AIST, Sharp, Asahi Wafer recycling with mineral acids 
Solvent swelling(Cellsepa-Process) 
Repairable module 
Laboratory Crystalline 
Photovoltech Repairable module Laboratory Crystalline 
BP Solar, Soltech, Seghers Wafer recycling with mineral acids, 
Wafer recycling in fluidized bed 
Laboratory / 
Technical college 
Crystalline 
Pikington Solar Interna-
tional
Thermal separation Laboratory / 
Technical college 
Crystalline 
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Siemens Solar, Shell Solar, 
Showa Shell 
Ferrosilicon production, High pressure 
water jet 
Laboratory Crystalline, Thin 
film 
Other Module shredder，Mechanical separation，
Acid treatment，Smelter，MWI Concrete 
aggregates，road construction 
Laboratory Crystalline, Thin 
film 
2.3 Disposal 
When the PV system is decommissioned at the end of the useful life, recycle and safety disposal is the 
best way for environment and society, which can lessen the environmental harm to a minimum, alleviate 
the raw materials shortage of PV devices to some extent, and avoid resources waste. The environmental 
impact assessment for this stage should focus on different recycle technical methods of PV systems. 
However, China doesn’t pay much attention to PV recycle currently and there is no mature technology 
and corresponding industry in our country. Therefore, it is very difficult to assess the environmental 
impact for this stage now.  
The study for international PV recycling started in the 1990s. Japan and some European countries like 
Germany have explored some mature technologies and mechanisms in this field (Table 1). In July 2007, 
“PV Cycle Association”is founded in Brussels, whose purpose is the realization of an adequate take 
back and recovery system for PV. China should draw on the advanced international experiences in the PV 
recycling and re-use. Material components of all the constituent parts in domestic PV systems (PV 
modules, supports, inverters, controllers, cabling etc.) should be analyzed, classified into “recyclable” and 
“safety disposal” and measured with the corresponding levels values to establish different recycling and 
safe disposal technology courses. 
At the same time, cost-effective measures for different recycling courses should be carried out. Finally, 
according to different recycling technologies and economic analysis, the best recycling & safe disposal 
techniques and processes can be chosen. Environmental impact is assessed based on the pollution analysis 
of all technical processes. Table 2 showed the component analysis and recycle & safety treatments of 
crystalline Si and thin film solar cells. 
Table 2 Component analysis and recycle & safety treatments of two kinds of PV cells 
Cell Type Component & material Property Advisable process  
Crystalline Si Cell 
1.Cell  recycled material recycled  
2.Silver paste lines recycled material recycled 
3.Tinned copper strips recycled material recycled 
4.Aluminium alloy frame recycled material recycled 
CIGS (Film Cell) 
1.Indium, Ga rare metals recycled 
2.Cd poisonous heavy metal safety disposal 
CdTe (Film Cell) 
1.Te rare-earth element recycled 
2.Cd poisonous heavy metal safety disposal 
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Si-based thin film The same as crystalline Si cell recycled material recycled  
3. Summary 
PV power is green energy, promoting energy conservation to realize China's target and solemn 
commitment about carbon emission deduction and the non-fossil energy consumption proportion in 2020. 
However, there is a degree of environmental effects in the whole lifecycle of PV power generation system. 
How to assess these effects and to minimize the adverse effects is a very important research direction. By 
identifying the environmental sensitivity factors and key points of pollution prevention, environment 
impact analysis and assessment for PV system in the whole lifecycle can promote the technical progress 
of clean production for PV industry and recycling & safety disposal of PV system in China, can optimize 
the design and operation management for large-scale PV power plants in aspects of ecological and 
environmental protection, and also contribute to the establishment of environmental management system 
and environmental technology evaluation system for Chinese PV industry. Consequently, it can further 
promote environmentally friendly development of the PV industry, and guarantee PV power generation 
system truly clean and green in the whole lifecycle. 
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